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INTRODUCTION 


Since the general recognition of the fact that the mineral elements 
essential to plant growth are derived from the soil solution and not, as 
suggested by Liebig, directly from the soil particles, culture solutions 
have assumed a very important réle in the investigation of problems 
relating to plant nutrition. The first standard nutrient solution for 
plants was proposed by Sachs (5)' in 1860. Since then a number of 
formulas for the preparation of standard nutrient solutions have been 
suggested by different investigators. Many of the standard solutions 
now in common use have been recommended as producing good growth 
of various kinds of plants, without reference to any particular stage of 
development in the life cycle of the plant, for which the solutions are 
best adapted. It is entirely possible, however, that in a culture solution 
the relative proportions of the mineral constituents required to produce 
good growth of a given species during one physiological period might 
be entirely different from the proportions of the same constituents 
- required to maintain equally good growth during another developmental 
period. A nutritive medium which is capable of producing good seed- 
lings rooted in it might not be at all suitable for sustaining the develop- 
ment of the same plants with the approach of maturity nor for producing 
seed. On the other hand, a nutritive solution or other medium which 
is well adapted to the growth of mature plants might actually be inju- 
rious to the seedlings of the same species. 

The nutrient medium recommended by Tottingham (8) and the 
3-salt solution later proposed by Shive (6) are known to produce excel- 
lent growth of wheat seedlings during the first three or four weeks of 
development after germination. Whether these solutions are capable 
of sustaining the growth of wheat plants equally well throughout their 
entire life period, has not been determined. 





1 Reference is made by number (italic) to “Literature cited,’’ p. 175. 
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As the result of extensive, comparative studies with both wheat 
(Triticum spp.) (6) and buckwheat (Fagopyrum esculentum) (7), it has 
been found that, under certain experimental conditions and for a period of 
growth of about four weeks directly following germination, 3-salt solu- 
tions in suitable concentrations and with the proper proportions of the 
three salts, monopotassium phosphate, calcium nitrate, and magnesium ~ 
sulphate (with a trace of iron added), are equal in plant-producing power 
to any of the more complex solutions now in common use. It seemed 
highly desirable to determine whether the salt proportions demanded 
for approximately optimum development during the later periods of 
growth, for the maturing of the plants, and for seed production are the 
same or different from those which produce the best growth during the 
early stages of development. An attempt has been made in this direc- 
tion, and the present paper describes an experimental study of the salt 
requirements of buckwheat plants in water cultures, for the later periods 
of development from the flowering stage to the maturing of seeds. These 
results are compared with those of a similar study (7), previously carried 
out, of the development of young buckwheat plants during the growth 
period from germination to the flowering stage. A similar comparative 
study of salt requirements for buckwheat has been carried out with 
sand cultures. The results with water cultures will alone be presented 
in the following pages; those obtained with sand cultures will be reserved 
for later publication. 

Buckwheat was chosen for these tests for the reason that in its life 
cycle it presents two distinct physiological growth periods which extend 
over nearly equal periods of time. ‘The first of these occupies the period 
between the germination of the seeds and flowering, the second interval 
extending over the period from the flowering stage to the maturity of 
the seeds. It is a quick-growing plant and matures in a comparatively 
brief period of time, requiring, under favorable conditions, about 60 
days to complete its active growing period. 


EXPERIMENTAL PROCEDURE AND METHODS 


The tests to be described in the following pages were carried out with 
the optimal series of 3-salt solutions ‘ previously employed by Shive in 
his work with wheat and with buckwheat. This optimal series com- 
prised 36 different solutions, all having approximately the same total 
osmotic concentration value of 1.75 atmospheres. ‘The three salts were 
so distributed as to include all possible sets of proportions of the three 
salts when the partial concentrations of the three components were made 
to vary by equal increments of one-tenth of the total osmotic concen- 
tration. To each solution was always added the usual trace of iron, in 
the form of ferric phosphate. 





1A table of these solution formulas has been given in previous publications: Shive, J. W. (6), and McCall, 
A. G. (3). A discussion of the methods of calculation by which the partial osmotic concentration values 
and also the volume-molecular partial concentrations of each salt in these solutions may be calculated, 
is given by Tottingham (8, . 177-182, 192). 
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In the work previously carried out with buckwheat (7), tests of the 
36 different sets of proportions of the three salts of this series showed 
that the best growth of tops and of roots during the early physiological 
growth period extending from germination to the flowering stage was 
produced by a solution containing the three salts in the following volume- 
molecular proportions: Potassium phosphate (KH,PO,), 0.0144 m; cal- 
cium nitrate [Ca(NO,),], 0.0052 m; and magnesium sulphate (MgSO,), 
0.0200 m. This solution was further characterized by having four-tenths 
of its total osmotic concentration derived from potassium phosphate, 
four-tenths from calcium nitrate, and two-tenths from magnesium sul- 
phate. 

The methods? employed with the water cultures here considered were 
similar to those previously adopted in the work with wheat and with 
buckwheat. The Japanese variety of buckwheat was used. The seed- 
lings were carefully selected for uniformity of size and vigor, and when 
about 5 cm in height were transferred to the culture vessels, which 
consisted of pint Mason jars. Each culture vessel had a capacity of 
515 cc. Three buckwheat plants were included in each culture. 

In order to determine the proportions of the three salts required to 
produce approximately optimum growth of buckwheat plants during 
the later period of development, from the flowering stage to the matur- 
ing of the seed, it was of course essential that the plants of all the cultures 
at the beginning of this later period of growth should be as nearly uni- 
form as possible. With this in view, many more cultures than the 36 
comprising the series for study were prepared at the same time with 
selected seedlings all nearly uniform in size and vigor. The selected 
seedlings were transferred to the culture vessels, each of which had pre- 
viously been provided with 515 cc of the same solution. This solution, 
with a total osmotic concentration value of 1.75 atmospheres, had the 
salt proportions above given. These produced the highest dry weight 
yield of buckwheat tops and of roots during the early growth period, 
between germination and the beginning of the flowering stage. All the 
seedlings were grown in this solution, with renewal of solutions every 
four or five days during the first 24-day growth period after the seedlings 
had been transferred to the solutions. At the end of this time period 
the plants of each culture had begun to bloom and all the plants appeared 
healthy and vigorous, the cultures throughout showing excellent uni- 
formity. 

Thirty-six cultures were now selected from the larger number at 
hand; these were transferred to the 36 different solutions comprised in 
the optimal 3-salt series. All the solutions of the series had a total 
osmotic concentration value of approximately 1.75 atmospheres, but 
they differed from each other in the proportions of the component salts. 
For purposes of comparison, one culture was also transferred to Knop’s 





1 For a description of the methods employed in these studies, see Shive, J. W. (6). 
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solution and another to Tottingham’s best solution for wheat tops, 
each with a total concentration value equal to that of the 3-salt solu- 
tions. Thus, the actual tests of the effects of the 36 different salt com- 
binations upon the growth of the plants in this series, were not begun 
until the plants had passed through the first physiological growth period 
extending from the germination of the seed to the flowering stage. The 
cultures were now continued, with renewal of solutions as before, until 
the seeds were mature. This required 28 days. The entire active 
growth period of the plants of this series extended, therefore, over an 
interval of 52 days after the seedlings had been transferred to the culture 
vessels. The series was then repeated. The second series was carried 
out in the same manner as the first, but under somewhat different seasonal 
conditions. 

In order that all the plants might be exposed to somewhat similar 
changes of temperature, light, and moisture, the cultures were arranged 
in rows on a central table in the greenhouse, in such a manner as to avoid, 
as far as possible, unequal shading of one culture by another. Through- 
out the growth period the cultures were shifted in position at regular 
intervals, in accordance with a definite plan. 

As previously stated, the culture solutions were renewed at intervals 
of four or five days. At the time of each renewal of solutions, the 
absorption (and approximately the transpirational water loss) was 
determined by measuring the volume of the used solution before dis- 
carding it, and subtracting this volume from the original volume (515 cc). 
The total transpirational water loss for each culture was obtained by 
summing the losses for the partial periods between each two successive 
changes of solution. 

At the end of the growth period, after practically all the seeds were 
ripe, the plants were harvested. The tops were separated from the 
roots just above the topmost lateral root. The seeds were carefully 
removed from the tops, and the three portions were separately dried 
to constant weight at a temperature of about 103° C. The dry weights 
were then obtained. 

Records were kept of the temperature in the greenhouse where the 
culture series were conducted. Daily maximum and minimum tem- 
perature readings were obtained from thermometers protected from 
direct sunlight. The moisture conditions of the atmosphere throughout 
the growth periods were indicated by means of the evaporation rates 
from spherical porous-cup atmometers. Several of these instruments 
were placed among the cultures on the greenhouse table, and daily read- 
ings were taken. These were corrected to the Livingston (2) standard 
spherical atmometer. 


EXPERIMENTAL RESULTS 


The first of the two culture series carried out during the later develop- 
mental growth period (between the flowering stage and the ripening of 
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the seeds) was conducted from October 18 to December 9, 1916. During 
this period the maximum temperature recorded was 30° C., on Novem- 
ber 3, and the minimum was 11° on December 4. The rate of evaporation 
from the atmometer gave a daily mean of 16.8 cc, a maximum daily rate 
of 25.6 cc,on November 21, a minimum daily rate of 7.4 cc, on October 20, 
and a total water loss from the instrument of 874 cc. The second series 
of cultures, which was just like the first, extended over the period from 
December 9, 1916, to January 30,1917. During this period a maximum 
temperature of 30° occurred on December 28, and a minimum of 7° on 
January 1. The rate of water loss from the porous-cup atmometer, 
indicating the evaporating power of the air gave a daily mean of 17.7 cc, 
a maximum daily rate of 25.2 cc, on January 13, and a minimum daily 
rate of 13.5 cc, on January 29. The total loss from the instrument for 
the entire time was 919 cc. 

In the following sections, the results obtained with these buckwheat 
cultures grown from the flowering stage to maturity in an optimal series 
of 3-salt solutions with their different sets of salt proportions will be com- 
pared with those obtained from a similar study (7) previously carried out 
with buckwheat grown in the solution cultures of the same series, but 
conducted only to the flowering stage, a period of about four weeks 
directly after germination. The comparisons will be made with refer- 
ence to the dry weights of tops and of roots and also with respect to the 
relative amounts of water lost by transpiration during the growth periods. 


I. —DRY WEIGHTS 
A.—PRESENTATION OF DATA 

The tops, roots, and seeds of the cultures grown to maturity were 
weighed separately. Three sets of dry-weight measurements are there- 
fore available. Since the results obtained with the two corresponding 
series were in very close agreement, only average dry-weight yields will 
here be considered. These are presented in Table I. In every case these 
measurements represent the values obtained by averaging the corres- 
ponding data of the two series conducted during different time periods. 
In the first column are given the culture numbers. These refer to the 
positions which the cultures occupy on the triangular diagram graphi- 
cally representing the variations in the salt proportions and partial 
osmotic concentrations of the series of solution cultures here employed. 
Since the scheme of diagramatic representation for this series of solution 
cultures has been explained in a previous publication (6, p. 341) and has 
since been employed by McCall (3, 4), the description of the diagram may 
here be omitted. Table I gives the average absolute dry weights, in 
grams, of tops, roots, and seeds, and also the dry-weight values in terms 
of the corresponding value of culture R1C1 considered as unity. These 
relative yields were obtained by dividing the average absolute dry- 
weight value of each culture by the corresponding value of culture R1C1. 
The maximum relative yields are here indicated by bold-face type. The 








156 Journal of Agricultural Research Vol. XIV, No. 4 





last two items in each column (numbered K and T, respectively) refer to 
the data obtained with the cultures grown in Knop’s solution and in 
Tottingham’s best solution for wheat tops, each with the same total 
concentration as the solutions of the 3-salt series. The cultures were 
included in each series for comparison. 


TaBLE I.—Average dry weights of tops, roots, and seeds of buckwheat grown from the 
flowering stage to maturity in 3-salt solutions, all having a total osmotic concentration 
value of 1.75 atmospheres, but differing from each other in the proportions of the 3 salts; 
also the ratio of tops to seeds 
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@K and T represent Knop’s solution and Tottingham’s best solution for wheat, respectively. The 
data obtained from these cultures are introduced for comparison. 
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The relative yield of values of tops, roots, and seeds were plotted on 
triangular diagrams like those previously employed (7), and to which 
reference is made above. These diagrams represent graphically the 
distribution of the dry-weight yields taken directly from the proper 
column of averages in Table I. To facilitate the study of this distri- 
bution and to aid in making comparisons, the total range of yield values 
in the average series is divided into an upper one-fourth, comprising 
the nine cultures which produced the highest yields, a lower one-fourth, 
including the nine cultures giving the lowest yields, and a medium one- 
half, which includes the remaining cultures. These three partial ranges 
were outlined on the triangular diagrams to correspond to the regions of 
high, low, and medium yields. The areas of high yields (range of the 
best nine cultures) are indicated on the diagrams by small crosses, and 
the areas of low yields (range of the poorest nine cultures) are denoted 
by small circles. The position on the diagram of the culture giving the 
highest yield is shown by a larger cross, and that of the culture giving 
the lowest yield is indicated by a larger circle. 


B.—CoMPARISON OF RESULTS OBTAINED FROM CULTURES GROWN TO MATURITY 
With THOSE OBTAINED FROM CULTURES GROWN TO THE FLOWERING STAGE 


(1) DRY WEIGHTS OF TOPS 


For the sake of convenience in the discussion, the culture series 
grown to the flowering stage (early developmental period) in the optimal 
series of 3-salt solutions comprising the 36 different sets of salt propor- 
tions, will be referred to as series A, while those conducted in the same 
series of solutions from the flowering stage to the maturity of the seed 
(late developmental period) will be designated as series B. The relative 
dry-weight data for these two average series are brought together in \ 
Table II. The second and third columns of this table present the average 
relative dry-weight values of tops and of roots for the various cultures of 
series A. In the fourth and fifth columns are given the corresponding 
data for series B. The actual dry weight, in grams, of culture R1iCr 
is given in parentheses directly below the relative value, so that the 
actual dry-weight value of any culture may be found by multiplying its 
relative value by the actual value of culture R1Cr in the same column. 
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TABLE I1.—Comparison of the average relative yields 
grown to the flowering stage with corresponding da 
flowering stage to maturity, in 3-salt solutions 


of tops and roots of buckwheat 
ta for buckwheat grown from the 
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The responses of the buckwheat plants to the different salt propor- 
tions of the various solutions in which they grew during the two distinct 
physiological growth periods here considered can best be compared by 
referring to the triangular diagrams of figure 1. The comparison will 
be made with reference to the ranges of the high and low average dry- 
weight values indicated by the extent of the corresponding areas of 
high and low yields outlined on the diagrams for the series of the two 
developmental periods. The average relative dry-weight data as given 
in Table II are here graphically represented, but the yield values are 
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Fic. 1.—Diagrams showing relative yields of buckwheat tops. Areas of high yields are indicated by 
small crosses, those of low yields, by small circles. Cultures giving the highest and the lowest yields 
are marked by larger crosses and larger circles, respectively. 
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omitted to avoid confusion. The position of any culture represented 
on the diagrams may readily be found by means of its culture number, 
which always indicates the row and the number of the culture in the 
row. On the left margin of each diagram the rows are numbered con- 
secutively from base to apex. The cultures of each row, represented by 
the points of intersection of the lines, may be considered numbered con- 
secutively from left to right. The number of the last culture in each 
row is given on the right margin of the diagram. The lower triangular 
diagram of figure 1 represents the average yields of buckwheat tops from 
series A, carried out during the physiological growth period extending 
from germination to the flowering stage. The upper diagram represents 
the corresponding yields from series B, conducted from the flowering 
stage to the maturity of the seed. . 

(a) COMPARISON OF THE EFFECTS OF THE VARIOUS OSMOTIC SALT 
PROPORTIONS FOR THE TWO DIFFERENT PHYSIOLOGICAL GROWTH PERIODS. 
CONSIDERATION OF THE RELATIVE DRY WEIGHTS OF Tops.—It will be 
observed that in the diagram of series A (fig. 1) the main area of low 
yields, including eight of the nine cultures lying within the range of 
low dry weights of tops, extends along the right margin to the apex of 
the triangular diagram, while in series B the main area of low yields 
borders on the left margin, extending to the base of the triangle at the 
lower left, and includes six cultures. It is to be noted that only a 
single culture (R4C5) included in the low area of series A is also included 
in the low area of series B. There is, moreover, with the exception of 
this one culture, scarcely any overlapping of the areas of low yields on the 
diagrams of the two series. The lowest average yields of tops do not 
occur with corresponding cultures of the two series. The lowest aver- 
age yield produced by series A and by series B occurred with cul- 
tures R1C4 and RiC1, respectively. The former is characterized by the 
lowest osmotic proportions of monopotassium phosphate and medium 
proportions of calcium nitrate and magnesium sulphate, while the latter 
is characterized by the lowest proportions of monopotassium phosphate 
and calcium nitrate, and by the highest proportion of magnesium sul- 
phate. 

The main area of high yields on the diagram of series A occupies a 
central region lying to the left of the vertical axis of the diagram and 
includes four cultures on the left margin. Two secondary high areas 
are also indicated for cultures R2C4 and R3C5. On the diagram of 
series B the main area of high dry weights occupies a central region 
lying mainly to the right of the vertical axis of the diagram and extends 
to the right margin at culture R3C6. An outlying high area is indicated 
at the lower right, and a smaller one about cultures R2C2 and R3C2; but 
these two cultures, together with culture R8C1 at the apex of the dia- 
gram, mark the lower limit of the range of high yields. The main areas 
of high yields of the two series are thus seen to lie on opposite sides of 
the diagrams, as do also the main areas of low dry weights. 
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A comparison of the solutions which produced the highest average 
yields of tops in the two series representing the two different physio- 
logical growth periods here considered, indicates the best proportions of 
the salts to be markedly different for the two growth periods in question. 
The highest yield of tops for series A occurred with culture R4C2, which 
is characterized, as previously stated, by having four-tenths of its 
osmotic value due to monopotassium phosphate, and two-tenths and 
four-tenths due, respectively, to calcium nitrate and to magnesium 
sulphate. The yield from this culture was 34 per cent higher than the 
corresponding yield from culture RiC1. The best physiological balance 
for series B is shown for culture R3C5. This culture derived three- 
tenths of its total osmotic value from monopotassium phosphate, five- 
tenths from calcium nitrate, and two-tenths from magnesium sulphate. 
It produced a yield of tops which was 80 per cent higher than the corre- 
sponding yield from culture RiCr. It thus appears that the greatest 
production of dry weight of tops in this series of 3-salt solutions, with 
total osmotic concentrations of 1.75 atmospheres, and for buckwheat 
plants during the period of growth between the flowering stage and the 
ripening of the seeds, may be expected with the salt proportions of 
solution R3C5. Thus, the maximum yield of tops was produced during 
the later period of growth (series B) in a medium having a lower osmotic 
proportion of monopotassium phosphate, a much higher proportion of 
calcium nitrate, and a much lower one of magnesium sulphate than the 
solution which produced the highest yield of tops during the early 
growth period (series A). 

A comparative study of the diagrams of the two series thus brings out 
the fact that there is no similarity between the two series with respect to 
the distribution of the areas of high and of low dry-weight yields of tops. 
This is a clear indication that the response of the plants to the osmotic 
proportions of the salts in the solutions here employed is markedly 
different for the two different stages of development. Furthermore, a 
comparison of the total ranges of the average relative yields of the two 
series clearly shows that the buckwheat plants here employed respond 
just as readily to the variations in the proportions of the salts in the 
different solutions during the later period of development (series B) as 
they do during the early stages of growth (series A). The variation in 
the average relative yield values for tops in series A extends from 0.60 
to 1.34, showing a total range of 0.74 from the lowest to the highest 
value. In series B the corresponding total range from the lowest to the 
highest is 0.80, extending from 1.00 to 1.80. The variations in the 
average yield values as given for series B must, of course, be taken as 
the results of the approximate differences in the growth rates of the 
cultures, during the time period of this series, in response to the differ- 
ences in the salt proportions in the various solutions. Since, however, 
the cultures were carefully selected and, so far as could be judged, were 
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all nearly alike when the series was begun, the average yield values may 
be considered to approximate very closely the values which would have 
obtained if all the plants had been exactly alike at the beginning of the 
second 4-week growth period. 

(b) COMPARISON OF THE RANGES OF THE ION RATIO VALUES FOR HIGH 
AND FOR LOW YIELDS OF Tops.—The ion ratio values of the 3-salt solu- 
tions here employed have been discussed in detail in previous publica- 
tions (6, 7) in connection with the study of the growth of young wheat 
and buckwheat plants in these solutions, in an endeavor to determine 
the relation of these ratio values to the physiological properties of the 
various salt combinations as they affect the growth of the plants. These 
ion ratio values have also been considered by McCall (3) in his study 
of young wheat plants in sand cultures. 

In Table III are presented the cation ratio values of the nine cultures 
of each of the two series here considered, giving the highest dry weights 
of tops and of the nine cultures giving the lowest corresponding weights. 
The cultures are in every case arranged in the descending order of the 
values of the magnesium to calcium ratio. These cultures are the ones 
included in the areas of high and of low yields outlined on the triangular 
diagrams of figure 1. The table is divided into two vertical sections; 
the first section gives the culture numbers and the three cation ratio 
values of each of the nine cultures which produced high yields and the 
nine which gave low yields of tops in series A and also the total range 
in the magnitude of these ratio values. The second section presents 
the corresponding data for series B. At the bottom of the table are 
given the maximum and minimum ratio values and the total ranges of 
these for the entire series. The ratio values of the culture giving the 
highest yield in each series are indicated in bold-face type, while those 
of the culture giving the lowest dry weight appear in italics. 

It will be observed that the ion-ratio values characterizing the cul- 
tures in each of the two series giving high and low yields of tops are lim- 
ited to certain ranges of these ratio values, which are less extensive than 
the total ranges for the entire series. 

From a comparison of the ratio values for the group of cultures pro- 
ducing high yields in series A with those of the corresponding group in 
series B, it may be seen that there is substantial agreement between 
the two series with respect to the ranges of the magnesium to potassium 
ratio values. This group of cultures in each of the two series is char- 
acterized by a relatively low range of values for this ratio, the range 
being 3.93 for series A and 3.71 for series B. There is, however, no such 
agreement between the two series with respect to the range of the values 
for the magnesium to calcium and calcium to potassium ratios. The range 
of the former is high (12.69) in series A and relatively low (5.53) in 
series B, while the range of the latter is relatively low (1.30) in series 
A and high (5.22) in series B. 
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TaBLE III.—Comparison of ion ratio values of cultures producing high and low yields 
best nine and poorest nine cultures) of buckwheat tops during the early period of growth 
series A) with corresponding data for cultures grown during the late period of growth 
series B) 





Series A (early growth period.) Series B (late growth period). 
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The cultures R4C2 and R3Cs5, which produced the highest yields of 
tops in series A and series B, respectively, agree in showing relatively 
low values for all three cation ratios, although there is considerable dif- 
ference between the corresponding ratio values for the two cultures. 
The values of the three ratios magnesium to calcium, magnesium to potas- 
sium, and calcium to potassium for the culture (R4C2) producing the 
maximum yield of tops in series A are 3.85, 1.39, and 0.36, respectively, 
while the corresponding ratio values for the culture (R3C5) which pro- 
duced the highest yield in series B are 0.77, 0.93, and 1.20, respectively. 

On comparing now the ranges in the ratio values as given in Table III 
for low yields it will be observed that there is no agreement between the 
groups of cultures producing low dry weights in the two different series, 
with respect to the ranges in the magnitudes of any two corresponding 
ratios. Thus, the group of cultures of series A giving low yields of tops 
is characterized by a relatively low range of values for the ratio mag- 
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nesium to calcium, and an intermediate range for the ratios magne- 
sium to potassium and calcium to potassium, while the group of cultures 
which produced low yields in series B shows a wide range in the values 
for each of the three ratios. 

The individual culture R1Cq4 giving the lowest dry weight of tops in 
series A shows a low magnesium to calcium ratio value of 2.40 and inter- 
mediate values of 6.95 and 2.88 for the ratios magnesium to potassium 
and calcium to potassium, respectively. Culture R1C1, which gave the 
lowest yield of tops in series B, is characterized by the maximum values 
of the ratios magnesium to calcium and magnesium to potassium, and 
by a low value of the ratio calcium to potassium. The values of these 
three ratios are 15.40, 11.10, and 0.76, respectively. Thus, there is no 
agreement between any two corresponding ratio values characterizing 
the individual cultures which produced the minimum yields in their 
respective series. 

From the above considerations it is at once clear that these ion ratio 
values and the dry-weight yields of tops are not at all related in the 
same way in the two series representing the two physiological stages of 
development in the active growth period of the plants. This is still 
further emphasized by the marked differences in the atomic proportions 
characterizing the solutions producing the highest and lowest yields in 
the two series. Thus, for example, the highest yield in series A occurred 
with the solution R4C2, having the ratio values as follows: magnesium to 
calcium, 3.85; magnesium to potassium, 1.39; and calcium to potassium, 
0.36. This indicates that the best solution for tops in this series con- 
tains 1.39 atoms of magnesium and 0.36 atoms of calcium for each single 
atom of potassium (by assuming, of course, that the number of atoms 
of an element present in a given mass of it is proportional to the number 
of gram-atoms contained in the mass). The solution (R3C5) which 
produced the highest yield in series B possessed 0.93 atoms of magnesium 
and 1.20 atoms of calcium for each atom of potassium. ‘The difference 
between the atomic proportions characterizing the solutions in the two 
series which produced the poorest growth of tops is even more pronounced 
than is that between the atomic proportions characterizing the solutions 
which produced the highest yields. The solution (R1C4) giving the 
lowest yield of tops in series A had the atomic proportions magnesium, 
6.95; calcium, 2.88; and potassium, 1.00, while the solution (R1C1) giv- 
ing the lowest yield of tops in series B, possessed the proportions mag- 
nesium, 11.10; calcium, 0.76; and potassium, 1.00. It is thus obvious 
that the atomic proportions characterizing the solutions producing the 
best and also the poorest yields of tops vary markedly with the different 
growth periods here considered. 


(2) DRY WEIGHTS OF ROOTS 


The average relative dry weights of roots are given in Table II in con- 
nection with the cofresponding data for tops. These relative root yields 
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have been plotted on triangular diagrams like those of figure 1, which 
graphically represent the relative yields of tops. The effect of the differ- 
ences in the developmental stages of the plants upon the positions and 
ranges of the areas of high and low yields of roots will be compared by 
referring to the triangular diagrams of figure 2, in which the lower dia- 
gram represents the average yields of roots from series A, and the upper 
one represents the yields from series B. 

(a) COMPARISON OF THE EFFECTS OF THE VARIOUS OSMOTIC SALT PRO- 
PORTIONS FOR THE TWO PHYSIOLOGICAL GROWTH PERIODS—CONSIDERA- 
TION OF THE RELATIVE DRY WEIGHTS OF ROOTS.—A comparison of the 
diagram of series A with that of series B shows the main areas of low 
yields to lie on opposite margins of the diagram. There is no overlapping 
of the areas of low yields. The cultures (R1C4 and R1C1) producing 
lowest yields of roots in series A and B, respectively, are the same ones 
which produced also the minimum yields of tops in the corresponding 
series. The osmotic proportions of the three salts characterizing these 
two solutions are therefore the same for both tops and roots. 

The main areas of high yields on the two diagrams occupy central 
regions lying chiefly on opposite sides of the vertical axes of the diagrams. 
The main high area of series A extends to the left and includes the three 
marginal cultures R4C1, R5C1, and R6C1, while the main area of high 
yields on the diagram for series B extends to the right margin at culture 
R3C6. There is a certain amount of overlapping of the areas of high 
yields, but only a single culture is shown which is common to areas of 
high yields on the two diagrams. This culture (R3C5), which marks the 
lower limit of the range of high yields in series A, produced the maximum 
yield in series B. The maximum yield of roots in series A and that in 
series B occurred with the cultures R4C2 and R3C5, respectively. These 
two cultures have already been shown on the diagrams of figure 1 as pro- 
ducing the highest dry weights of tops in their respective series. Thus 
the osmotic proportions characterizing these two solutions, like those 
characterizing the solutions producing the lowest yields in the two series 
are the same for both tops and roots. 

It is obvious that there is as little similarity, with respect to the dis- 
tribution of the areas of high and low yields, between the two diagrams 
representing the yields of roots (fig. 2) as there is between those repre- 
senting the yields of tops (fig. 1). From these considerations it is clear 
that the various osmotic proportions of the three salts in the solutions 
here employed affect the growth of roots as differently during the two 
developmental periods as they do the growth of tops. 

A comparison of the two diagrams of figure 2 with the corresponding 
ones of figure 1, representing the relative yields of tops, brings out some 
very striking correlations between the growth of tops and that of roots. 
As has already been pointed out, the cultures in each of the two series 
which produced the highest yields of tops, gave also the maximum root 
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Fic. 2.—Diagrams showing relative yields of buckwheat roots. Areas of high yields are indicated by 
small crosses, those of low yields by small circles. Cultures giving the highest and lowest yields are 
marked by larger crosses and larger circles, respectively. 
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yields, while the cultures which yielded the lowest dry weights of tops 
gave also minimum root yields. It will further be observed that the 
diagrams graphically representing the dry weights of tops (fig. 1) and 
the corresponding ones representing the relative yields of roots, show a 
very pronounced similarity with respect to the positions and ranges which 
the areas of high and low yields occupy on the diagrams. 

(b) COMPARISON OF THE RANGES OF THE ION RATIO VALUES FOR HIGH 
AND FOR LOW YIELDS OF ROOTS.—The cation ratio values of the nine cul- 
tures producing the best yields of roots, and also the group of nine 
cultures giving the poorest yields, and the ranges of these values for each 
of the two series here considered, are presented in Table IV, which con- 
forms in every respect to Table III. As in the case of top yields, the ion 
ratio values for the best nine and the poorest nine cultures in each of the 
two series Are limited to certain ranges of these ratio values, which are 
always less extensive than the corresponding total ranges for the entire 
series. 

TABLE IV.—Comparison of ion ratio values of culiures producing high and low yields 


best nine and poorest nine cultures) of buckwheat roots during the early period of growth 
series A) with corresponding data for cultures grown during the late growth period 
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From Table IV it will be observed that the iron-ratio ranges for the 
cultures giving high or low yields of roots vary as markedly and in the 
same manner with the two different developmental growth periods 
(series A and B) as they do for the corresponding yields of tops. Thus, 
the cultures giving high root yields in series A show a wide range (8.97) in 
the magnesium to calcium ratio values and low ranges (3.48 and 1.32, 
respectively) in the values of the magnesium to potassium and calcium to 
potassium ratios, while the cultures of series B giving corresponding 
yields possess low ranges (2.32 and 2.55, respectively) for the magne- 
sium to calcium and the magnesium to potassium ratio valuesy and a wide 
range (5.40) in the values of the calcium to potassium ratio. The group 
of cultures which produced low root yields in series A shows a low range 
(2.16) of values for the magnesium to calcium ratio, an intermediate 
range (6.77) for the magnesium to potassium ratio, and a wide range 
(5.67) for the calcium to potassium ratio. In series B the group of cul- 
tures giving low yields of roots is characterized by wide ranges in the 
values of all three ratios. These values are 14.44, 10.70, and 4.22, for 
the ratios magnesium to calcium, magnesium to potassium, and calcium 
to potassium, respectively. 

A comparison of the data in Table III with those in Table IV brings 
out the fact that nearly all the ratio ranges for the cultures producing 
either high or low yields of tops show substantial agreements with the 
corresponding ranges for the cultures in the same series giving high or 
low root yields. It thus appears that the relation of high or low root 
yields to the proportions of the chemical ions is, in a general way, sim- 
ilar to the relation of the high and low yields cf tops to these ion-ratio 
values. This follows, of course, from the general similarity of the posi- 
tions and ranges of the areas of high and low yields on the corresponding 
triangular diagrams of figures 1 and 2. Since in the same series the 
maximum yields of tops and of roots occurred with the same culture, 
as did also the minimum yield of tops and of roots, there is but one set 
of ratio values for the two kinds of maximum yields and one set for the 
two kinds of minimum yields for each of the two series. 


(3) DRY WEIGHTS OF SEEDS 


The absolute and relative dry weights of seeds obtained from the cul- 
tures of series B are presented in Table I, in connection with the corres- 
ponding data for tops and for roots. The absolute dry weight values 
represent, in each case, the averages from two series. The relative values 
were obtained, as were also the relative yields of tops and of roots, by 
dividing the average absolute dry weight value for each culture by the 
corresponding value for culture R1C1. The ratios of top yields to the 
yields of seeds are given in the last column of Table I. These ratio values 
represent the yields of tops expressed in terms of the corresponding 
yields of seeds considered as unity. 
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The average relative yields of seeds are represented graphically on the 
triangular diagram of figure 3, in the same manner as are the yields of tops 
and of roots on the diagrams of figures 1 and 2, respectively. The range 
of the average relative yields of seeds extends from 0.35 to 2.62. On the 
diagram representing these yields the main area of high dry weights 
(2.14-2.62) occupies a central region at the base of the triangle, extending 
upward to the right margin at culture R5C4. A small outlying high area 
is also indicated about culture R2C7. The highest yield of seeds occurred 



































Fic. 3.—Diagram showing relative yields of buckwheat seeds. Areas of high yields are indicated by small 
crosses, those of low yields by small circles. The culture giving the highest yield is marked by a larger 
cross, that giving the lowest yield by a larger circle. 


with culture R3C3, which produced a medium yield of tops. The main 
area of low yields (0.35-1.31) extends along the left margin to the base of 
the triangle, and a smaller low area is shown at the apex and another at 
culture R4C3 at the center of the diagram. The lowest yield of seeds 
was produced by the plants of culture R4C1. A comparison of the 
diagram of figure 3 with the upper diagram of figure 1, representing the 
yields of tops, shows that there is little correlation between high top 
yields and the production of large yields of seeds. Only two cultures, 
R3C4 and R4C4, which produced high top yields are included in the 
areas of high yields of seeds, and these two cultures mark the lower limit 
in the range of high yields of tops. On the other hand, the main area of 
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low yields of seeds, extending along the left margin of the diagram, has a 
corresponding area of low top yields. It is to be noted, however, that 
two cultures, R2C2 and R4C3, which produced high dry weights of tops, 
lie within the areas of low yields of seeds. 

It thus appears that the yields of tops and of seeds do not vary in the 
same way with reference to the variations in the proportions of the three 
salts in the solutions. It is entirely possible, of course, that ‘this lack of 
correlation between the growth of tops and the production of seed is 
related to other factors than the physiological properties of the media 
in which the plants were grown. Several of the more important of these 
factors may here be mentioned. The plants of a series of cultures like 
those here employed must vary greatly in the degree of productiveness, 
which is certainly much higher in some plants than in others, even when 
grown under exactly similar conditions with respect to the medium and 
the aerial surroundings. This is apparently an hereditary quality and 
one certainly not easily to be controlled in experiments of this character. 
Furthermore, these series of cultures were conducted during a season of 
the year when insect pollination was not possible, and pollination by 
artificial means was perhaps imperfectly accomplished, or it may have 
been less perfectly accomplished with some of the cultures than with 
others. Either one or both of these factors may have exerted an influ- 
ence upon the manner in which the yields of seeds varied throughout the 
series. Whatever influence these factors may have had upon seed pro- 
duction, it is certain that an abundance of seed was produced by nearly 
all the cultures, as will be seen from an inspection of the last three col- 
umns of Table I, giving the numerical data of seed yields. From the 
last column of this table showing the ratios of the yields of tops to the 
yields of seeds, it will be observed that the ratio values for eight cultures 
lie between 2.0 and 3.0, while the ratios for 26 cultures have values between 
1.0 and 2.0. The average of these ratio values for the entire series is 
1.94. This indicates that the average yield of tops for the entire series 
is less than double the corresponding yield of seeds. Nearly all the seeds 
obtained from these cultures were large, fairly uniform in size, and well 
filled. Very few small or imperfectly formed seeds were present. 


II.—TRANSPIRATION AND WATER REQUIREMENTS 


As previously stated, the total amount of water lost by transpiration 
during the growth period was determined for each culture by summing 
the losses recorded for the partial periods between each two successive 
changes of solutions. From the total water loss for each culture con- 
sidered in connection with the dry weights of tops, of roots, and of seeds, 
have been derived the ratios representing the amount of water lost by 
transpiration for each single gram of dry plant substance produced. 
These ratios of transpiration to yields represent the water requirements 
of the plants. Table V presents the data of transpiration for the series 
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(A and B) of the two developmental periods here considered, and also 
the data of water requirements for the cultures of the two series. The 
various measurements for each culture are expressed in terms of the cor- 
responding measurement for culture RrCr in the respective columns. 
The actual value for this culture is given in each case in parentheses just 
below the relative value, 1.00. In columns 2 and 3 are given the relative 
amounts of water loss for the cultures of series A and B, respectively. 
Then follow two columns presenting the relative water requirements of 
tops and roots for series A. The last three columns give the relative 
water requirements for tops, roots, and seeds, for series B. 


TABLE V.—Data % transpiration and water requirement: series A, grown to the flowering 
stage; series B, grown from the flowering stage to maturity in 3-salt solutions 
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In order to facilitate comparisons, the average data of Table V were 
plotted on triangular diagrams in the same manner as were the dry- 
weight yields. The corresponding diagrams of the two series thus 
obtained were then compared and a comparison was also made with the 
corresponding yield diagrams (fig. 1, 2). These diagrams graphically 
representing the average data of Table V are not here given, but the 
chief points brought out by these comparisons are presented below: 


A.—RELATION OF TRANSPIRATION TO YIELDS 


A comparison of the transpiration diagrams of series A with the cor- 
responding yield diagrams shows the main areas indicating high trans- 
piration rates, and also those denoting low rates, to occupy positions 
corresponding fairly well, though not absolutely, with the areas of high 
and of low yields, respectively, both of tops and of roots. In series B 
there is equally good agreement between transpiration and yields of 
tops and of roots, both for the areas of high yields and for those of low 
yields. It is thus clear that, in general, high transpiration corresponds 
to high yields of tops and of roots for each of the two developmental 
periods represented by series A and series B. It is to be emphasized, 
however, that there is no agreement between the areas of high and low 
values on the corresponding transpiration diagrams of the two series. 
This is a clear indication that the relation between the various salt pro- 
portions and transpiration is as widely different with respect to the two 
periods of development here considered as is the relation between these 
salt proportions and the yields, either of tops or of roots. 


B.—RELATION OF WATER REQUIREMENTS TO YIELDS 


A study of the five triangular diagrams representing the water require- 
ment data in Table V brings out several interesting relations. Thus, 
in series A, a definite relation is shown between the water requirements 
of tops and top yields and also between the water requirements of roots 
and root yields. On the diagram representing water requirements of 
tops, in this series, the areas of high values correspond to the areas of 
low values on the diagram of top yields, while the regions of low water 
requirement values correspond to the areas of high top yields. These 
relations are shown to hold equally well between the water requirements 
of roots and root yields. In series B the diagrams representing the 
water requirements of tops and of roots, when compared with the corre- 
sponding yield diagrams, show a marked tendency toward the same 
relations. This is particularly true with respect to the relations be- 
tween low water requirements and high yields, both for tops and for 
roots, although the agreements are not so exact as they are in series A. 
There is, however, no detailed agreement between the areas of low 
yields and those of high water requirements. 
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A comparison of the water requirement diagram for seeds with the 
corresponding yield diagram indicates a very close agreement between 
the areas representing high water requirement and those of low yields. 
The areas of low water requirement values correspond also, in a general 
way, with the areas of high yields. 

From the above observations it is clear that a fairly definite relation 
exists between the dry-weight yields and water requirements for each 
of the two series of buckwheat plants here considered. This relation 
may briefly be stated as follows: In general, high yields of tops, roots, 
and seeds correspond to low water requirements, and low yields corre- 
spond to high water requirements. It is thus to be expected that 
favorable conditions for the growth of these plants are associated with 
relatively low water requirements, while unfavorable conditions for 
growth will demand a relatively larger amount of water to produce 1 
gm. of dry plant substance. 

A comparison of the water-requirement diagrams of series A with 
the corresponding diagrams of series B brings out the fact that there 
is no similarity between the diagrams of the two series representing the 
two developmental growth periods with respect to the positions and 
distribution of the areas of high and low water requirement values. 
Thus there is a marked difference in the manner in which the water- 
requirement values of the two series vary with respect to the variations 
in the salt proportions of the solutions employed. 

From the preceding considerations of the various plant measurements 
it is at once clear that the relation of the growth rate of the buckwheat 
plants to the proportions of the three salts in the solutions here em- 
ployed is markedly different for the early and late developmental 
periods represented by series A and series B, whether this relation is 
judged by the criterion of dry weights of tops or of roots, by that of 
transpiration, or by that of water requirements of tops or of roots. 

It is to be emphasized, of course, that the changes in the physiological 
requirements of these plants, with respect to the salt proportions, may 
be a gradual process extending over a comparatively long time period. 
Such a change might even begin soon after germination of the seed and 
continue during the entire active growth period of the plants. If, 
therefore, the entire growth period should be divided into a larger num- 
ber of partial periods than the two which have here been considered, 
and the best physiological balance of salt proportions determined for 
each, these partial periods might possibly call for other salt proportions 
for the production of maximum yields than the ones which gave the 
highest yields during the first or during the last 4-week period of 
these tests. On the other hand, the change in the salt requirements of 
the plants may take place comparatively rapidly with the marked 
changes which occur within the plants during the period of blossoming, 
when the vegetative processes become less active and the reproductive 
and seed-forming processes begin. 
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SUMMARY 


The preceding pages present a comparative study of the salt require- 
ments for young and for mature buckwheat plants grown in nutrient 
solutions having the same initial total concentration value of 1.75 atmos- 
pheres, but differing in the proportions of the component salts. This 
series of solutions comprised 36 different sets of salt proportions of the 
three salts, potassium phosphate (KH,PO,), calcium nitrate{Ca(NO,),], 
and magnesium sulphate (MgSO,). 

The results obtained from a series of cultures grown in these solutions, 
from the flowering stage to the maturity of the plants, were compared 
with those obtained from a similar series previously carried out with the 
same solutions but conducted only to the flowering stage. The main 
results of this comparative study may be summarized briefly as follows: 

(1) The highest yield of buckwheat tops and of roots obtained in a 
period of four weeks directly following germination was produced by a 
solution characterized by the following salt proportions: Potassium 
phosphate, 0.0144 m; calcium nitrate, 0.0052 m; magnesium sulphate, 
0.0200 m. The buckwheat plants grown during the second four-week 
period (including the period of seed production and ripening) in the same 
series of 3-salt solutions as were the plants harvested at the end of the 
first four-week period produced their highest yield of tops and of roots 
in a solution having the salt proportions of potassium phosphate, 
0.0108 m; calcium nitrate, 0.0130 m; magnesium sulphate, 0.0100 m. 
Thus, the maximum yield was produced during the later stage of devel- 
opment (series B) in a medium having a lower osmotic proportion of 
potassium phosphate, a much higher proportion of calcium nitrate, and 
a much lower one of magnesium sulphate than had the medium which 
produced the highest yield during the early growth period (series A). 

(2) The buckwheat plants respond just as readily to the variations in the 
osmotic proportions of the salts in the different solutions during the later 
period of development as they do during the early stage of growth, but this 
response is markedly different for the two different stages of development. 

(3) The values of the cation atomic ratios magnesium to calcium, 
magnesium to potassium, and calcium to potassium, characterizing the 
solutions which produced the highest yields, and also those which gave 
the lowest yields, differ markedly with the two different developmental 
stages of the plants. 

(4) The amounts of transpirational water loss during each of the two 
different periods of development, indicate, in a general way, the yields. 
High transpiration corresponds to high yields of tops, and low transpi- 
ration to low yields. 

(5) For each of the two developmental periods of growth considered, 
low water requirement is, in general, associated with high yields of tops 
and of roots, and high water requirement with low yields. 

(6) There is no definite correlation between the yields of tops and of 
seeds, such as there is between the yields of tops and of roots. 
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COMPOSITION AND DIGESTIBILITY OF SUDAN-GRASS 
HAY 


By W. G. GAESSLER, Acting Chief in Chemistry, and A. C. McCANDLISH, Assistant 
in Dairy Husbandry, Iowa Agricultural Experiment Station 


INTRODUCTION 


The introduction of Sudan grass (Andropogon sorghum var.) into the 
United States took place less than nine years ago (1909), but since then this 
crop has become widely known, and its popularity is rapidly increasing. 
Sudan grass, being an annual, does not make a good pasture plant, but 
gives excellent results as a hay or soiling crop; it might also be success- 
fully made into silage if mixed with a legume. 


RESUME OF PREVIOUS WORK 


A considerable amount of work has been done on the production of 
Sudan grass; and, though the yields of hay obtained varied considera- 
bly, they were as a rule satisfactory (Table I). 


TABLE I.—Average yields of Sudan-grass hay (5)4 








HWwWovo 











State Experiment €tation. oa nd State Experiment Station. pane 
Tons. Tons. 

Lo Ree ere rere Sin Ra's ewer vers eee Seaned 4 
Se eres 90 Tt OMIMROMS. 2.65 c sis ciscscenes 2. 
RENNIN 55:3,6.3 civapes wae'sivaes Bl) NI ori 60 5-005095.5: 4 oi0lacers evn.» oe 4. 
"OO ee er SOS | GEMM) sos bcos 0s co ne Bere 3. 
SER Cag i.isnts cccreK eo erawe 3.6 
Cn re er ee | Es | ee 2.4 





The average yields of Sudan-grass hay, as stated in Table I, have 
not all been calculated by the same method, but the results show that 
as a rule a yield of 3 to 4 tons of field cured hay per acre can be 
expected. 

The material available to show the composition of Sudan-grass hay 
is limited, but a compilation of the published analyses is included here. 
There is a wide variation in the moisture contents of hays, due to a 





@ Reference is made by number (italic) to “ Literature cited,’’ p. 185. 
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considerable extent to the lack of uniformity in the conditions under 
which curing takes place; so in Table II the various constituents are 
expressed as percentages of the total dry matter present in the samples 
of hay analyzed. 


TABLE II.—Composition of the dry matter of Sudan-grass hay 





: Maryland | Virginia Oklahoma 
Constituent. (6). 4). Texas (9). (3). 


Average. 





Percent. | Per cent. . | Percent. | Per cent. 
Total dry matter go. 12 96. 49 92. 80 93-14 
Protein 6. 57 4. 83 j 8. 56 8. 10 
Nitrogen-free extract..............) 51-99 51. 09 ’ 48. 98 49. 41 
Crude fiber 34. 83 36. 92 ‘ 34. OI 33- 92 
Ether extract | 1.88 I. 32 ; 2. 42 I. 
Ash 5.85 ‘ 6. 03 6. 70 




















The analyses of Sudan-grass hay that have been reported are fairly 
uniform in all their constituents except protein and ash, which show 
rather wide variations, due perhaps to the conditions under which the 
crops were grown and the stage of growth at the time of cutting. 

It is generally understood that the majority of crops alter materially 
in composition as ripening progresses. This change is due not only to 
the increase in the amount of dry matter and the decrease in the amount 
of water but also to a variation in the relative proportions of the indi- 
vidual constituents of the dry matter. These changes usually go on 
until the crop is practically ripe, but that this is not so in the later 
stages of ripening in the case of Sudan grass has been shown by Piper 
(Table III). 


TABLE III.—Composition of dry matter of Sudan-grass hay (4) made at various stages 
of ripeness 





> Before Heads ap- | Beginning In full | Seeds fully 
Stage of cutting. heading. | pearing. | tobloom. | bloom. mature. 





. Per cent. | Percent. | Percent. | Percent. | Per cent. 
Protein 8. 08 6. 28 5. 34 4. 83 4: 38 
Nitrogen-free extract..............] §1. 23 53-41 53- 76 51. 09 55. 85 
33-11 34- 42 36. 92 36. 02 
I. 44 I. 27 I. 32 1.55 
5-75 5. 20 5. 85 5. 85 




















As would be expected, there is a decrease in the protein and a slight 
increase in the crude-fiber content. These changes are marked in the 
case of the protein, but the other constituents are fairly constant. The 
significance of this is that from the time Sudan grass heads out until 
it is fully ripe there is very little change in the fiber content of the dry 
matter, and consequently the time of cutting can be delayed without 
much risk of the hay becoming too coarse. This suggests a distinct 








: 
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advantage if the haying season is wet; the cutting of the Sudan grass 
may advantageously be postponed for a week or 10 days if there is a 
prospect of improvement in the weather. 

In spite of the fact that Sudan grass is now grown in quite an extensive 
territory, it has been fed but little experimentally. Large amounts of 
Sudan hay are consumed annually, yet only in one or two cases have 
accurate records been kept of the results it produced. 

So far only one digestion trial has been conducted with Sudan-grass 
hay. This work consisted of a 5-day test period with a 2-year-old bull, 
and the results of it are given in Table IV. 


TABLE IV.—Digestibility of Sudan-grass hay (6) 














Constituent fn >= 

Per cent. 

DO RE no cixayix rc cweeteecials 60. 6 
se er ne eee 35-4 
Nitrogen-free extract.....................| 63:3 
OEE AOR e590 7 6 a's ESR. Tatghee ss 67.1 
on ee ee Se een 41.2 











The digestion coefficients for Sudan-grass hay obtained at the Mary- 
land Experiment Station compare well with those for other nonlegumi- 
nous roughages (6). 

At the Kansas Experiment Station Sudan-grass hay was compared 
with alfalfa hay as a roughage for dairy cows. Two lots of three cows 
each were used. There were two 30-day test periods. In the first period 
Lot I received alfalfa hay and Lot II Sudan-grass hay, while in the 
second test period the roughages for the two lots were reversed (Table V). 


TABLE V.—Sudan-grass hay v. alfalfa hay for milk production 





Roughage. 
uate ae. minima om - 
to alfalfa. 
Sudan 
grass. Alfalfa. 





Pounds. Pounds. Pounds. 





NUM RUROINI 5 5. 5's. crste Bas sda balinae ae Worslmee aig naresrs 4, 022 4, 112 go 
PUI SS: 8 eh iaiks. sg ihe caw Revita tare 168 178 te) 
| a a ee a ae ae 1, 053 1,077 24 














This shows a difference in production of 0.5 pound of milk per head 
per day in favor of the alfalfa hay. This is not a large difference, but 
if the experiment had been run for another 30-day period so as to facili- 
tate the elimination of the decrease in production due to advance in 
lactation, there is little doubt that the Sudan-grass hay would have 
shown up even less favorably. The fact that the cows increased in 
weight when receiving the alfalfa is significant (6). 
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The Kansas records (7) also show that when the herd of milking cows 
was turned from a native pasture on to a Sudan pasture the average 
daily production of milk was increased 3.2 pounds per head, even though 
Sudan grass is not a first-class pasture plant. In addition, they also 
found that for wintering work horses and mules and young beef cattle 
Sudan-grass hay was of considerably less value than alfalfa hay. 


EXPERIMENTAL WORK 


The Sudan grass used in the work reported in this paper was grown 
on the College dairy farm. During the two years in which this crop 
has been grown there it has given good results as a soiling crop, the aver- 
age yield being 11 tons of green feed per acre for one cutting. In 1916a 
small amount of second growth was made into hay. Sudan grass seems 
to be palatable and much relished by the stock, and good results have 
been obtained in the feeding of both the soiling and the hay. 

In 1915 analyses were made of the crop at various stages of growth. 
The samples were all taken from one small plot in the center of the area 
grown for soiling and the results of the analyses are expressed as per- 
centages of the total dry matter present. 


TABLE VI.—Composition of dry matter of Sudan grass at various stages of growth 


| Before Headed Full Half 























Stage of growth. | heading. out. bloom. | ripe. Ripe. 
Per cent. | Percent. | Percent. | Percent. | Per cent. 
Total dry tdiatter................. 20. 80 20. 96 25.74 30. 08 31. 92 
ER vcxciacis 6.0% 645.0 50d wane ness 8. 80 9. 78 6. 57 5. 02 4. 29 
Nitrogen-free extract..............] 48.12 46. 04 50. 19 §3- 32 53- 73 
EE ee ree 32. 98 35. 50 32. 36 32. 98 33- 83 
Witbier CsPAOt 5.0: iso Fcey ice see 2. 31 2. 62 3. 53 2. 10 1. 66 
: ST re arrrerr 7:79 6. 06 7-35 6. 58 6. 49 











As the moisture decreases and the dry matter content increases in the 
later stages of growth of Sudan grass, a few minor changes take place in 
the relative proportions of the individual constituents of the dry matter. 
In the earlier stages of ripening the protein seems to increase, while it 
decreases in the later stages. The changes in the fat content are very 
similar to those of the protein content, but lag behind them. The 
changes in the proportions of nitrogen-free extract and ash are in the 
opposite direction to those of the protein and ether extract. Peculiarly, 
the relative proportion of the crude fiber to the other constituents of 
the dry matter appears to be greater when the plants have headed out 
than when the crop is ripe. The difference is not great, however, and 
can probably be explained by the fact that the seed, of which the yield 
is quite heavy, is very low in crude fiber. It has been found at the 
Maryland Station (6) that cleaned Sudan-grass seed contains only 1.19 
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per cent of crude fiber. To consider the changes broadly, it is evident 
that from the time the crop heads out until it is ripe no very marked 
alterations take place in the relative proportions of the various con- 
stituents of the dry matter present, and consequently Sudan grass does 
not materially deteriorate in feeding value on ripening. 

The hay used in the digestion trial was from a plot yielding 2.94 tons 
of field-cured hay per acre at one cutting. It was cut on August 5, 
1916, when in full bloom and was harvested in good condition. It was 
kept in the mow till used for the digestion trial in December, 1916. 

The animals used were two three-quarter blood Guernsey heifers about 
a year and a half old and averaging 600 pounds in live weight. These 
animals were of 75 per cent the same breeding, being sired by Rouge of 
Ames (24405), a son of Rouge II’s Son, while their dams were sired by 
Rougé II's Son (18587). From birth until the start of the digestion 
trial these heifers received the same care and feed. Both were pregnant 
and in fair condition at the beginning of the experiment, and though 
No. 298 was rather larger than No. 301, they were a very uniform pair 
in all other ways. 


TaBLe VII.—Description of animals used in trial 

















Animal, Age. Days bred.| Weight. 

: Yr. mos. dys. Pounds. 
RI LE Pere Tae A Ere aR eee %. ©. 39 63 650 
A re ene a ee ere rn r | 9 152 550 

Rem eas rere ree Fe Seen | : © 7 108 600 








The digestion trial was run for a period of five days preceded by a 
preliminary period of seven days during which Sudan grass was fed as 
the only source of nutriment to the heifers, In the preliminary period 
it was found that 20 pounds per head per day of the hay would be a con- 
venient amount to feed; so this allowance was used throughout the 
experiment and the material left was weighed back daily. 

It has been found that the animals had no special need of being watered 
twice daily, so the watering was done at the beginning of each 24-hour 
period and the animals were weighed before and after watering. The 
attendant collected the feces with a scoop and deposited them in tarred 
galvanized-iron vessels which were provided with covers. 

A composite sample of the hay fed, and one of the orts were made at 
the end of the trial period. The feces from each heifer were mixed thor- 
oughly and sampled at the end of each 24-hour period, and these samples 
were air-dried. At the end of the trial an aliquot composite sample was 
made for the feces produced by each of the heifers during the 5-day trial 
period. 
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The composite samples of feces, together with those of hay and orts, 
were chemically examined according to the official methods. 

In Table VIII is given a summary of the hay and water consumed and 
the feces produced daily by each of the heifers. Only the net consumption 
of hay is given, and the feces production recorded opposite a daily con- 
sumption of hay is the weight of feces produced in the 24-hour period 
following the day during which the recorded amount of hay was con- 


sumed. 
TABLE VIII.—Summary of weight of feed and feces 

















Hay consumed. Water consumed. Feces produced. 
Day. —- an ] a 
Heifer 298. | Heifer 301. | Heifer 298. Heifer 301. | Heifer 298. | Heifer zor. 
Pounds. Pounds. Pounds. Pounds. Pounds. P unds. 

BAA ae ite Boe awed 14. 2 13.4 24 27 Ig. I 14.9 
Rep ig cn pny one sien ah 17.0 16. 7 39 29 21.8 20. 9 
Dick nhkr en Waridenena snes 13.0 11.6 31 17 24.6 18. 4 
Me ce venues eave cedies ees 7.9 10. § 28 27 21.4 21.8 
Giceevscaxtwerccweneetes 12.4 14.1 24 26 23-9 19. 8 
Mc coxksudenias 64. 5 66. 3 146 126 110. 8 95-8 


























The heifers had very similar capacities for hay consumption, the 
difference in their average daily consumption being only about one- 
third of a pound (Table IX). Their capacities for water consumption 
were also very much alike; the heifer which consumed the smaller amount 
of hay drank on the average 4 pounds more water per day than did the 
other heifer. The production of feces followed the water consumption 
very closely, and the heifer which consumed the smaller amount of hay 
and the greater quantity of water produced the greater weight of feces. 


TABLE IX.—Composition of hay 











Constituent. offered. edna | pa. 

Per cent. | Percent. | Per cent. 
Ee oe ae Man IA Car Pee ree 13. 19 11. 64 14. OF 
| RE LOE Cee ee Pe ee Pr ere 86. 81 88. 36 85. 99 
EN caid0- god eos oa ae AER agin s. Hen eae een eiee 7 Fae awe wie 5-97 4.10 6. 96 
PRTOGUO TCE CRUIRCE. on... a tis cc etecescevecnessed 43- 63 42. 85 44. 04 
I eine Lt bc cqncodeeaeneupae e fart cRieceny 28. 65 34. 50 25.55 
Ne UNTNOR S565 oivildx gonad ca anabiele domes weeks Chas 1. 62 1. 08 I. QI 
[EAC RUE TT rc re trl (re PCE eT T 6. 94 5. 83 7-52 














As was to be expected, the hay refused was a little more fibrous than 
the whole sample. The difference is so small, however, that the digestion 
coefficients found for the hay consumed will apply equally well to the 
whole sample. — 
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TABLE X.—Composition of feces 








Constituent. Heifer 298. | Heifer 301. 
Per cent. | Per cent. 
NE 56.2850 ON, sx aw idin octets ORCL Oy Oe Dale Oe akis's Ea SMO 82. 39 79. 13 
SET OL OC ee ee re os ee eS 17. 61 20. 87 
Ny rh I aie che ki gto Sea SNE RMI SIETN see ksh 9b SELES 2.13 2. 54 
PUNNUNN MUREMOE 5455555) eh cloca serene wictn'ele Sa ye uiore hanarenltes 8. 32 Q. 74 
ns FS cci2s xu ale hs Pee eine san baka ee ot one 4-35 5: 24 
OR 5 i554 pth acs5.054 seh ea athe Jadine bimem adiols aca fe aalene -47 . 54 
EE Rar ME a re 1 aan ae NL Ae INS 8 et SP 2. 34 2. 81 











The analyses given for the feces represent their composition when moist 
(Table X). Heifer 301, which consumed less hay and more water than 
did heifer 298, produced the feces with the higher moisture content. 
The bulk of the feces evidently depends to a large extent on the amount 
of water consumed. 


TABLE XI.—Summary of weights of nutrients consumed and defecated 











Heifer 298. Heifer 301. 
Constituent. Total Total Total Total 

nutrients | nutrients | nutrients | nutrients 

consumed. | defecated. | consumed. | defecated. 

Pounds. | Pownds. | Pownds. | Pounds. 
no sia sh 5: sac tapugh seat voice cel 55: 44 1g. 51 57- 03 19. 99 
NS oR sa, 8s aren Suresh LOA RD ROOTES 4.51 2. 36 4:59 2. 43 
Nitrogen-free extract..............00.eeeee 28.42 ]- 9.22 29. 19 9. 33 
0 EEE ree ree ott 16. 40 4. 82 17. 02 5. 02 
ERS eee ee ee I. 24 52 1. 26 52 

















Table XI again demonstrates the similarity between the powers of the 
two heifers for using roughage and also indicates that their powers of 
digestion are very nearly equal. 


TABLE XII.—Coefficients of digestibility 











Constituent. Heifer 298. | Heifer 301. | Average. 

Per cent. | Percent. | Per cent. 
he eager ee 64. 8 65.0 64.9 
PHOCEAM. 2.0.0.0. e cece eee eee n eee ne en ee eeeneenns 47-7 47.1 47-4 
IG AIIN i cioix eater g'ais near acins gue Sewtep 67.6 68.0 67.8 
RESIS SORA ron greene ar aay horse 70. 6 70. § 70. 6 
NLS teak sine cencaswonne secon nennes 58. 1 58. 7 58. 4 














This shows that the nutrients in Sudan-grass hay are all fairly easily 
digested. The digestion coefficients range from 47.4 per cent in the case 
of the protein to 70.6 per cent for the crude fiber, while that for the total 
dry matter is 64.9 per cent. 
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A comparison of the work done at this station with that done at the 
Maryland station shows that the coefficients of digestibility obtained 
agree fairly closely for most of the nutrients present in Sudan-grass hay 
(Table XIII). 


TABLE XIII.—Comparison of digestion trials with Sudan-grass hay 





Digestion coefficients (6). 





Maryland. Towa. Average. 





Per cent. 


Dry matter 60. 6 64.9 
ER oven eVed uses cea Geoesengneencesesacksipenes ‘ 47-4 
Nitrogen-free extract . 67.8 
Crude fiber , 70. 6 


Ether extract : 58. 4 














The Iowa results are in all cases higher than those obtained at the 
Maryland station, but only in the case of the crude protein and ether 
extract is there a very marked difference. This may, perhaps, be due to 
differences in the conditions under which the hays were grown, though 
they are very similar in composition, or more probably to variations in 
the digestive powers of the animals used. Whatever the factors or factor 
are that bring about this difference they apparently are selective in their 
action. 

The total and digestible nutrients in 100 pounds of Sudan-grass hay 
are given in Table XIV. 


TABLE XIV.—Nutrients in 100 pounds of Sudan-grass hay 





| 
Nutrients. 





Constituent. 


| 


| Total. | Digestible. 








| \ Pounds. 
Dry matter 6 58.2 


3- 
Nitrogen-free extract q 32. : 


21.4 
Ether extract . -9 





A comparison of Sudan-grass hay with timothy and millet hay shows 
that these feeds are very similar in composition. The digestible nutrients 
in 100 pounds of dry matter of the various feeds (Table XV) have been 
calculated from Henry and Morrison’s tables (2), while the digestible 
true protein and net energy value of 100 pounds of dry matter have been 
obtained from Armsby’s work (z). 

57667°—18——3 
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TaBLe XV.—Digestible nutrients in 100 pounds of dry matter of timothy, millet, and 











Sudan-grass hay 
Constituent. Timothy | srittet hay.) Seen 
Pounds. Pounds. Pounds. 
iui St ast area atid Gatun saan anal 3-4 5.8 3.6 
ne ERLE ern ree re re: 48. 4 53-6 58. 3 
OSS PAN Re tins. gece ea enema rene ree es 1.4 2.1 1.0 
I rae ot ea ret wee 54.0 64. 2 64. 2 














The data in Table XV show that Sudan-grass hay provides consider- 
ably more nutrients than timothy hay, and, though it contains rather less 
digestible protein than millet hay, it appears to furnish about the same 
amount of total nutrients. These comparisons are made on the dry 
matter basis so as to eliminate variations due to changes in the moisture 
contents of the feeds. 

The net energy value of the Sudan-grass hay has been calculated 
according to Armsby’s method (1), while the digestible true protein is 
taken as 75 per cent of the digestible crude protein (Table XVI). These 
figures show that Sudan-grass hay, though deficient in protein, provides 
more net energy per 100 pounds of dry matter than hay from timothy or 
millet. 


TABLE XVI.—Digestible true protein and net energy values oh 100 pounds of dry matter 
in timothy, millet, and Sudan-grass ha 








Timothy Millet Sudan 
Item. hay. hay. grass hay, 
Digestible true protein...................... pounds. . 2.5 4.6 2.7 
Pe NING 6 sch ihis cee roreascdsadpcreganse therms..| 48. 67 54. 80 64. 42 














SUMMARY 


(1) The dry matter of Sudan grass changes slightly in composition 
from the time of heading until the crop is ripe. 

(2) The content of fat and protein increases in the early stages of 
ripening and decreases later while the changes in the nitrogen-free extract 
and ash content are in the opposite direction. 

(3) Either as a green feed or as hay, Sudan grass is very palatable. 

(4) Sudan-grass hay has a comparatively high apparent digestibility. 

(5) Sudan-grass hay supplies energy to cattle much more efficiently 
than it does protein. 
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WATER-HOLDING CAPACITIES OF BEDDING MATERIALS FOR 
LIVE STOCK, AMOUNTS REQUIRED TO BED ANIMALS, AND 
AMOUNTS OF MANURE SAVED BY THEIR USE 


By J. W. WHISENAND 
First Assistant in Animal Husbandry, Illinois Agricultural Experiment Station 


For 25 years investigators and teachers have been expressing erro- 
neous conclusions as to the relative values of shavings, sawdust, and the 
straws for bedding live stock. These conclusions are based upon a table 
showing the relative liquid-absorbing capacities of various substances 
which appeared in 1893 (5).!_ This table, which follows, was adapted 


from Deherain (4). 
Absorption of liquids by litter 





Water 
retained 
by 
roo kgm. of 


material 
after 24 
hours. 





Kgm. 

220 

285 

228 

162 
500-700 
435 
400-500 
50 











According to this table sawdust has almost twice the water-holding 
capacity of wheat or oat straw. Not only has this point been repeatedly 
referred to, but the conclusions have also been drawn that sawdust or 
shavings will go nearly twice as far as straw as bedding for live stock and 
will save a much larger portion of the liquid manure. 

The above table, or portions of it, have been copied in a number of 
publications (2, 3, 7). 

On the basis of these figures, the statement is made in Vermont Bulle- 
tin 206 that— 

Nine pounds of straw or six pounds of shavings are needed to absorb a cow’s 24 hour 
voidings. 

Special Circular 11 of the Dominion of Canada Experimental Farms 
(1) states concerning ‘‘dry sawdust and fine shavings” that— 


Their absorptive capacity according to fineness and dryness is from two to four 
times that of ordinary straw. 





1 Reference is made by number (italic) to ‘ Literature cited,”’ p. 190. 
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The values given in this old French table are reversed by tests on 
the absorptive capacity of oat straw, wheat straw, and shavings, con- 
ducted by the writer in the spring of 1917. These tests show that oat 
straw absorbs 15 to 20 per cent more water than wheat straw and more 
than twice as much as ordinary commercial mixed shavings. The tests 
are well substantiated by records kept of the amount of bedding material 
of the different kinds actually used for different classes of animals. 

In order to determine the water-holding capacity of the various mate- 
rials, weighed quantities (5 to 7 pounds per sack) were sacked loosely 
and soaked for 12 hours. ‘The sacks were then hung in a room in a barn, 
and after 5 hours, when dripping had practically ceased, were weighed. 
They were weighed again after hanging for 24 hours. This test was 
repeated several times. There was a small variation from time to time, 
probably due to differences in the particular samples of material obtained 
and to differences in the rate of evaporation on different days. However, 
they were relatively the same in each test. In addition to oat straw, 
wheat straw, and two kinds of shavings which were being used for bed- 
ding purposes, some cut oat straw, some mixed sawdust, and some very 
light, fine white-pine shavings were obtained for these tests. Approxi- 
mate averages of the results of the tests are given in Table I. 


TABLE I.—Water-holding capacity of litter 








J; 
retained | Relative 
Material. pounds of | Bolding 
material p. ~ayl 
y aetgg hours. 
Pounds. 
RI isbn otis pas ae ig te o'6 kw sisi mps Wisc aids 5 Spee bi aso co ale 250 100. 0 
Cut oat straw (about 14-inch lengths).................... 0. ee een 244 97-6 
RENIN 6 55.561ds CIT NIOE. ads Gi Fdse asi y ef we raw. Vd ERE 210 84. 0 
Mixed shavings from Chicago car load. .............0. 0c cece eee 119 47-6 
Mixed shavings from local planing mill........................ 130 52.0 
, Mixed sawdust from local planing mill.......................4. 160 64.0 
Fine, dry white-pine shavings. ................0 cess eeceeeeeses 185 74.0 











It will be noted that whole oat straw retained slightly more water than 
cut oat straw, about 19 per cent more than wheat straw, and twice as 
much as the ordinary mixed shavings used for bedding material. Whole 
oat straw came out slightly above the cut oat straw in every test made. 

The fine white-pine shavings and the sawdust retained considerably 
more water than the coarser mixed shavings, the white-pine shavings 
retaining three-fourths as much water as oat straw, and the sawdust two- 
thirds as much. It was impossible to get any accurate comparison be- 
tween shavings and sawdust of the same kind, because the only kind 
of sawdust obtainable was mixed. The water-holding capacity of the 
sawdust varied more than that of any of the other materials. 
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At the same time that these tests were being made, records were being 
kept on the relative amounts of oat straw, wheat straw, and shavings 
required to keep beef cows, dairy cows, and horses bedded, and on the 
amounts of manure saved by the use of each kind of bedding. - 

Twelve head of beef cows kept in single stalls were divided into three 
comparable lots. One lot was bedded with oat straw, one with wheat 
straw, and one with shavings from a car load bought in Chicago. The 
wheat-straw and shavings lots were reversed at the middle of the 60-day 
period. With the dairy cows only two lots were used, 9 head in one lot 
and 10 head in the other. One lot was bedded with oat straw and the 
other with shavings from the local planing mill. The lots were reversed 
at the middle of the 30-day period. Only 3 horses were used: draft 
mares in box stalls, one bedded with each kind of material. The shavings 
used were from Chicago. 

The animals were all handled in the usual way. The beef cows were 
out of the barn about 9 hours a day, the dairy cows about 8% hours, and 
the horses about 9. No special attempt was made to regulate the 
amount of bedding used, the men in charge of each barn bedding as 
usual. The barns were cleaned out daily—that is, the manure and 
soiled part of the litter were removed. Table II shows the amount of 
bedding used. 


TABLE II.—Material used in keeping animals bedded 














: J F ‘otal bed- Amount per| Relative 
Animals, period, and material. 2 g used. a ge — 
Horses (1 per lot, 49 days): Pounds. | Pounds. 
cc ra ROS ES OE CE MSTA ST ESET 716 14. 61 100 
EO OID os sku vlete Cane wkes centage vesrevign Sau 844 17.22 118 
Cas hic trideo aids Comires sicere'das ate Beacee I, 192 24. 32 166 
Beef cows (4 per lot, 60 days): 
CN 5k e soe cre cmcic cu rtegee gee erqninss aeeEs 1, 766 7. 36 100 
INN ccc cinngcenesdcckhacwienepnnaweaunes 1,928 8. 03 109 
A RD URS Ser eer ret foc Yee 3) 207 13. 36 182 
Dairy cows (9% per lot, 30 days): 
TN I. Si6a osc iecwicn COMMER OTS MET U EER wet 2,064 7.24 100 
POTN Gs occccnrcdvaccannsoeKegagakuwegaca@ees 2, 892 10. 15 140 








In keeping the animals bedded, 40 to 82 per cent more shavings than 
oat straw and 9 to 18 per cent more wheat straw than oat straw were 
used. About 15 pounds of oat straw per day was required to keep one 
of the horses bedded, about 7% pounds to keep one of the cows bedded. 
The horses were on an earth floor, the cattle on concrete floors. The 
Ohio Station found that about 7 pounds of straw were needed for steers 
on concrete floors (6). 

From the fact that the oat straw was capable of absorbing more 
liquid than wheat straw or shavings, one might suppose that more of the 
manure from the animals could be saved by the use of oat straw. In 
this experiment, however, about the same amount of animal excreta was 
saved, regardless of the kind of bedding used ‘To be sure, less oat 
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straw was used as bedding to save the same amount of excreta. Table 
III shows the material removed. 


TABLE III.—Amount of manure saved by use of the various litters 








P Excreta re- 
Animals and material. r unl enaae Bedding used. Brewer moved per 
. ‘ animal per day. 





Horses: Pounds. Pounds. Pounds. Pounds. 
Oat straw 3,552 716 2, 835 57-8 
Wheat straw 3, 409 844 2, 565 52.3 
ETAL S: 3,925 I, 192 2, 733 55:7 

Beef cows: 
Oat straw 10, 227 1, 766 8, 461 35.2 
Wheat straw 10, 820 1, 928 8, 892 37-0 
RT OLE 12, 190 3) 207 8, 983 37:4 

Dairy cows: ; 

17, 831 2,064 15, 767 55-3 

PN a kxmiye Ri ccKsasins 18, 214 2, 892 15, 322 53-7 

















While there is a variation of several per cent in the amount of excreta 
saved with each class of animals with the different kinds of bedding, still 
the variations are not large and are not consistently in favor of any one 
kind of material. It is evident that there is no very important difference 
in the amount of excreta saved as a result of the use of one or another of 


these materials. 
SUMMARY 


(1) The common belief that the shavings commonly used for bedding 


live stock have much greater water-holding capacity than straw is er- 
roneous. Oat straw retained approximately twice as much water as 
shavings and 15 to 20 per cent more than wheat straw. 

(2) To keep animals bedded, 40 to 82 per cent more shavings than oat 
straw and g to 18 per cent more wheat straw than oat straw were 
required. 

(3) The amount of animal excreta removed from the barn in the 
manure was about the same regardless of the kind of bedding material 


used. 
LITERATURE CITED 


(1) [1917] BARNYARD MANURE. [Canada] Exp. Farms Spec. Circ. 11, 4 p. 
(2) Bra, W. H. 
1904. BARNYARD MANURE. U.S. Dept. Agr. Farmers’ Bul. 192, 32 p., 4 fig. 
(3) Buroicx, R. T. 
1917. CONCERNING FARM MANURES. In Vt. Agr. Exp. Sta. Bul. 206, p. 53-72. 
(4) DEHERAIN, P. P. 
1902. TRAITE DE CHIMIE AGRICOLE. ed. 2, 969 p., 88 fig. Paris. 
(5) Hépert, A. 
1893. FARM MANURE. In Exp. Sta. Rec., v. 5, no. 2, p. 141-158. 
(6) THorng, C. E. 
1907. THE MAINTENANCE OF FERTILITY. Ohio Agr. Exp. Sta. Bul. 183, 
Pp. 195-228, illus. 
(7) Winter, O. B. 
1915. LOSSES AND PRESERVATION OF BARNYARD MANURE. Mich. Agr. Exp. 
Sta. Circ. 26, 8 p. 








